Rationale Impaired emotion processing in schizophrenia predicts broader social dysfunction and has been related to negative symptom severity and amygdala dysfunction. Pharmacological modulation of emotion-processing deficits and related neural abnormalities may provide useful phenotypes for pathophysiological investigation. Objectives We used an acute benzodiazepine challenge to identify and modulate potential emotion-processing abnormalities in 20 unaffected first-degree relatives of individuals with schizophrenia, compared to 25 control subjects without a family history of psychosis.
Introduction
The use of functional MRI (fMRI) to elucidate the pathophysiology of psychiatric illness can be enhanced by pharmacologic manipulation of specific neural circuits (Wise and Tracey 2006) . Abnormal neural drug responses identified by pharmacological fMRI may provide evoked phenotypes for further examination. Here we use the benzodiazepine alprazolam to probe potential abnormalities Electronic supplementary material The online version of this article (doi:10.1007/s00213-011-2348-7) contains supplementary material, which is available to authorized users.
in the neural circuitry of emotion processing in first-degree relatives of patients with schizophrenia.
Schizophrenia is associated with prominent deficits in emotion processing. These include impaired identification of facial emotions (Heimberg et al. 1992; Kohler et al. 2009 ), which has been linked to broader social dysfunction (Addington et al. 2006; Meyer and Kurtz 2009 ) and prioritized as a target for translational research into negative symptoms of schizophrenia (Carter et al. 2009 ). Firstdegree relatives of individuals with schizophrenia exhibit similar but less severe cognitive, emotion-processing, and neurophysiological abnormalities (Gur et al. 2007b; Phillips and Seidman 2008; MacDonald et al. 2009 ). Investigation of family members offers a strategy to investigate neurobehavioral abnormalities related to schizophrenia risk without confounds such as antipsychotic medication effects, and can help clarify whether emotion-processing deficits reflect a schizotypal state or only emerge with frank illness (Rasetti et al. 2009 ).
Neuroimaging may be more sensitive than behavior in revealing abnormalities related to genetic predisposition (Rasch et al. 2010) . In patients with schizophrenia, abnormalities in amygdala and its interactions with other regions may mediate observed behavioral deficits (Gur et al. 2007a; Satterthwaite et al. 2010) . However, the only prior fMRI study examining emotion identification in family members reported normal behavioral and amygdala responses (Rasetti et al. 2009 ). Two fMRI studies of mood induction in family members reported functional abnormalities in amygdala and other brain regions during negative but not positive moods (Habel et al. 2004; Schneider et al. 2007 ). Neurobehavioral emotion-processing abnormalities in family members may thus be relatively subtle, conditionspecific, and/or reduced by compensatory mechanisms. Therefore, the current study utilized two complementary emotion-processing tasks, facial emotion identification and facial emotion memory, in conjunction with drug challenge, to evaluate emotion-processing performance and probe amygdala function.
Prior imaging studies of facial emotion processing in schizophrenia have reported decreased (Li et al. 2009 ), increased (Holt et al. 2006; Hall et al. 2009 ), and normal amygdala activation which may in part reflect different analytic approaches (Anticevic et al. 2010) . Previously, we reported a link between higher amygdala activation and negative symptom severity (Gur et al. 2007a) . Abnormal amygdala activation could relate to aberrant GABAergic signaling, with deficient GABAergic inhibition producing hyperactivation. GABAergic deficits in schizophrenia, best characterized in prefrontal cortex (Hashimoto et al. 2008) , are also found in medial temporal lobe where they are hypothesized to dysregulate amygdalo-hippocampal interactions (Spokes et al. 1980; Simpson et al. 1989; Berretta et al. 2001) , potentially contributing to emotion-processing abnormalities. The GABAergic deficit in schizophrenia may be primarily presynaptic, with compensatory postsynaptic upregulation of specific benzodiazepine-sensitive GABA receptors (Lewis et al. 2005 ). This could increase sensitivity to changes in GABA signaling, consistent with heightened lorazepam effects in an fMRI study of working memory in patients with schizophrenia (Menzies et al. 2007) .
These considerations suggest that GABergic drugs such as benzodiazepines could differentially impact amygdala function in family members, providing mechanistic insight into emotion-processing endophenotypes. Anxiolytic effects of benzodiazepines depend on GABAergic inhibition of amygdala and related limbic structures (Davis 1992) . Benzodiazepines impair emotion identification and emotional memory in healthy subjects, an effect that may also depend on amygdala inhibition (Buchanan et al. 2003; Coupland et al. 2003) . Consistent with this mechanism, the two fMRI studies examining benzodiazepine effects on facial emotion processing in healthy people both reported reductions in amygdala recruitment (Paulus et al. 2005; Del-Ben et al. 2010) . However, effects of benzodiazepines on emotion-processing tasks have not yet been investigated in schizophrenia patients or their relatives.
Given limited evidence of normal amygdala activation during emotion processing in family members (Rasetti et al. 2009 ), we expected our results to shed additional light on this important issue. If baseline amygdala function indeed proved normal, alprazolam challenge could help distinguish between two competing interpretations. One interpretation is that amygdala dysfunction seen in schizophrenia during emotion processing occurs only as a consequence of frank illness or antipsychotic effects (Rasetti et al. 2009 ). Alternatively, normal baseline amygdala responses could reflect successful compensatory mechanisms. By unmasking the hypothesized compensatory increase in GABAergic sensitivity, alprazolam challenge could provide evidence of an underlying primary abnormality. Thus, we predicted that regardless of whether family members showed amygdala activation abnormalities under placebo, they would demonstrate more robust reductions in amygdala activity by alprazolam.
Methods

Participants
The sample included 20 healthy adults with a first-degree relative affected by schizophrenia and 27 healthy controls without a family history of psychosis. Groups were matched on demographic and clinical variables (Table 1) .
Data analysis was limited to subjects with usable data from both study days for at least one fMRI task (20 family, 25 control). Because of technical problems affecting some scans (see Supplementary methods), final analyzed samples for imaging varied slightly across different imaging components: 20 family, 24 control for emotion identification; 19 family, 25 control for emotion memory; 19 family, 25 control for perfusion.
Study procedures were approved by the University of Pennsylvania IRB. Participants underwent standard medical, neurological, psychiatric, and neurocognitive evaluations (detailed in Supplementary methods). After complete description of the study to the subjects, written informed consent was obtained.
Study design and pharmacological challenge
Each subject underwent two identical fMRI sessions approximately 1 week apart. On one day they received 1 mg oral alprazolam, and on the other day an identicalappearing placebo, in a balanced double-blind withinsubject crossover design. Drug was administered under direct staff observation 1 h before fMRI so that alprazolam levels and effects were near their peak (Greenblatt et al. 1988 ) during scanning.
Immediately following the MRI sessions, blood was drawn and stored for later measurement of alprazolam plasma levels (HPLC assay with LLOQ 5 ng/mL performed by NMS Labs, Willow Grove, PA, USA). Blood samples could not be obtained from two controls and one family member. Subjects then provided numerical ratings (0-10 Likert scale) of changes in subjective states of sedation ("sleepy") and relaxation ("relaxed") that might result from benzodiazepine administration. Blood pressure and pulse were measured while seated. Subjects and research staff also guessed whether they had taken alprazolam or placebo that day to allow assessment of blinding efficacy (Perlis et al. 2010 ).
Imaging tasks
During both MRI sessions, subjects completed an emotion identification task followed by an emotion memory task (Fig. 1) . To control for practice effects, two equivalent forms of both tasks were administered in a counterbalanced order. The study design with two identical test days required an explicit rather than implicit memory task; subjects were informed ahead of time that they would be asked to remember the emotional faces they saw during the emotion identification task, and practiced both tasks briefly before scanning. Stimuli were color pictures of human faces conveying emotional expressions, selected from a larger database (Gur et al. 2002) . In the emotion identification task, participants viewed 60 unique faces and decided which emotion (happy, sad, anger, fear, or neutral) was expressed on each face. There were 12 presentations for each of the five expressions. In the emotion memory task, participants viewed faces of the same individuals seen in the identification task, but each stimulus displayed three emotional expressions for that individual: one was the same expression seen in the preceding emotion identification task and two were foil expressions. Subjects were instructed to choose the expression that matched the previously seen expression. There were 12 trials from each of the five target emotion categories; each emotion was also used as a foil 24 times. In both tasks, faces were displayed for 5.5 s, followed by a variable (0.5-18.5 s) interval during which subjects fixed their gaze on a complex crosshair that was matched to faces on perceptual qualities. Both tasks contained 60 trials in an eventrelated design, pseudorandomized using optseq2 (D. Greve, Image acquisition and processing
Images were acquired with a Siemens Trio 3 T (Erlangen, Germany) system, in the following order: structural, resting perfusion, identification BOLD, memory BOLD. Acquired BOLD volumes spanned the temporal lobe and inferior frontal and occipital lobes, this slab was chosen to allow both good coverage of ventral regions of interest ( Fig. S1 ) and high spatial resolution (2×2×2 mm). To ensure the slab included the same anatomical regions across sessions and subjects, we utilized an automated FOV-prescription algorithm (ImScribe, http://www.mmrrcc.upenn.edu/mediawiki/ index.php/ImScribe, see Supplementary methods). BOLD fMRI data were preprocessed and analyzed using FEAT (FMRI Expert Analysis Tool, v. 5.9), part of FSL (FMRIB's Software Library, http://www.fmrib.ox.ac.uk/ fsl). Pulsed Arterial Spin Label (PASL) perfusion images were processed and quantified using SPM5 software according to standard procedures (Wang et al. 2008) . See Supplementary methods for further acquisition and processing details.
Individual subject image analysis Subject-level time series analysis was carried out using FILM (FMRIB's Improved General Linear Model) (Woolrich et al. 2001) . All event conditions were modeled in the GLM as 5.5-s boxcars convolved with a canonical hemodynamic response function; temporal derivatives for each condition and six motion parameters were included as nuisance regressors. For the identification task, each of the five emotions (correct responses only) was modeled as a separate regressor; errors and non-responses across all emotions were modeled as separate nuisance regressors. In the memory task, three different emotions (one target and two foil) were present in each trial; therefore, the model included only three regressors: correct responses, incorrect responses, and nonresponses. For both tasks, the first-level contrast of interest reflected activation to correct responses regardless of emotion relative to fixation baseline.
Group-level region of interest image analysis
For analysis of group-level effects, a region of interest (ROI) approach was used to test a priori hypotheses (Fig. S1 ). The primary ROI was the bilateral amygdala (Supplementary methods detail ROI definitions). Bilateral hippocampus was selected as a secondary ROI, given its close functional and spatial relationship to the amygdala, and the amnestic effects of benzodiazepines (Barbee et al. 1992) . We also examined two additional task-activated control regions in order to assess the regional specificity of any observed effects (Fig. S2 shows voxelwise taskactivation maps). Right fusiform cortex was chosen as a task-activated sensory cortical region, and bilateral orbitofrontal cortex was chosen as a control emotion-processing region. For each of these four ROIs, individual subject activation (percent signal change) was extracted for offline mixed-model analysis (see below). As our primary focus was on the single a priori amygdala ROI, we did not correct statistical comparisons for the use of the other three ROIs.
Group-level exploratory voxelwise analyses
In addition to ROI-based group analyses, we conducted exploratory voxelwise analyses to uncover effects outside Fig. 1 The experimental paradigm is illustrated above. Subjects initially performed an emotion identification task (a) in which they identified the facial affect displayed. Five emotional labels were available: happy, sad, anger, fear, and neutral. During the emotion memory task (b) that followed, subjects were asked to remember which expression had been previously displayed during the emotion identification task. One target emotion and two foils were displayed. In both tasks, faces were displayed for 5.5 s, followed by a variable (0.5-18.5 s) interval during which subjects fixed their gaze on a complex crosshair that was matched to faces on perceptual qualities. Both tasks contained 60 trials in an event-related design; each task lasted 10.5 min, with a 2-min delay between tasks predicted regions. Subject-level statistical maps were transformed into MNI space and resampled to 2-mm isotropic voxels. Within-subject fixed effects were calculated across both scan days, including the drug-placebo difference, as well as an average activation contrast across drug conditions. These second-level within-subject contrasts were then subjected to group-level analyses examining group differences in average activation (group effect), drugplacebo differences common to both groups (drug effect), and group×drug interactions (group differences in the drug effect). Group-level random effects analyses were performed in FSL, using FMRIB Local Analysis of Mixed Effects (FLAME1) (Woolrich et al. 2004 ). All voxelwise analyses were corrected for multiple comparisons by cluster correction within FSL based on Gaussian Random Field Theory, using voxel height Z >2.33 and cluster extent p <0.05 (minimum significant cluster extent 195 2×2×2 mm voxels).
Mixed-model analysis and other statistical tests
Effects of group, drug, and their interaction were examined using mixed-model analysis of variance (MIXED procedure) implemented in SAS (Gary, IN, USA), with group (control vs. family) and drug (alprazolam vs. placebo) as fixed effects and subjects as a random factor. Age, gender, test day, and task form were included as covariates in statistical models and retained if they explained a significant amount of variance. Effects of age and day are reported only where significant; gender and task form did not have a significant effect on any analyzed study outcome. Assessment of potential confound variables was conducted by inclusion one at a time in the above mixed models even if they did not explain a significant amount of variance.
Descriptive statistics and uncorrected post hoc t tests or nonparametric equivalents were used to explicate significant results from the mixed model. For between-group comparisons of demographic and clinical variables, Student'st tests were used. Categorical variables (gender, handedness, and smoking status) were investigated with Fisher's exact test. For non-normal variables (age, anxiety), Wilcoxon's rank sum test was applied. For all statistical tests, significance was determined using an alpha criterion of p <0.05, two-tailed.
Behavioral performance analysis
For behavioral data, efficiency was used as an overall measure of performance. Each subject's efficiency was calculated as the proportion of correct responses divided by response time (within-subject median reaction time for correct responses). Error rates (the proportion of responses which were incorrect) were used to describe performance accuracy. Behavioral data was tested for group and drug effects using a mixed-model analysis as above.
Results
Behavioral performance
Family members showed relatively normal behavioral performance in both tasks, with the exception of slower and less accurate identification of sad emotions (Table S1 , Fig. S3 Effects in hippocampus were similar to those found in amygdala, with a significant group × drug interaction [F(1,42)=4.39; p=0.042] but no drug (p=0.772) or group (p=0.107) effects. As predicted, no significant effects were found in either fusiform cortex (drug, p=0.867; group, p=0.144; drug×group, p=0.549) or orbitofrontal cortex (drug, p=0.485; group, p=0.089; drug×group, p=0.690).
Exploratory voxelwise analysis revealed a significant effect of alprazolam across groups in cerebellum and thalamus (Table S2) . No other significant drug effects, group effects, or group×drug interactions were found.
Emotion memory fMRI
Bilateral amygdala activation during emotion memory was strongly reduced by alprazolam [ Fig. 3; F(1,42) or group×drug interaction (p=0.595). No significant effects were observed in fusiform (drug, p=0.177; group, p=0.093; drug × group, p = 0.650) or orbitofrontal cortex (drug, p=0.283; group, p=0.394; drug×group, p=0.899). Across groups, drug-induced reductions in hippocampal activation correlated with drug-induced reductions in memory performance efficiency (r=0.37, p=0.014; see Fig. S5 ).
Exploratory voxelwise analysis revealed that alprazolam reduced activation for the emotion memory task across both groups in the right amygdala and hippocampus, with subthreshold effects on the left (Fig. 3, Table S2 ). Significant drug effects were also seen in the left lateral occipital cortex and left inferior frontal gyrus. No other significant main effects or interactions were found.
Potential confounds
We carefully evaluated important potential confounds that might bias our results. As detailed below, the above findings were largely unaffected by potential confounding factors, including anxiety, sedation, motion artifact, unblinding, drug levels, and cardiovascular drug effects.
Anxiety
As expected, trait anxiety and pre-medication state anxiety were unaffected by alprazolam (no main effect or group× drug interaction, p's>0.2). Consistent with prior studies reporting a lack of anxiety reduction measured with the STAI in healthy subjects following benzodiazepine challenge (Monteiro et al. 1990; Paulus et al. 2005; Schunck et al. 2010) , there was no significant main or interaction effect of alprazolam on measures of state anxiety after drug administration (pre-scan and post-scan STAI scores as a percentage of pre-medication scores, p's>0.1). Alprazolam did produce a significant increase in subjective relaxation, which was greater in family members (main effect of drug p=0.008, group×drug interaction p= 0.019). Including STAI scores or subjective relaxation in the model rendered the group×drug interaction in the hippocampus during Fig. 3 Emotion memory imaging results: relative to placebo (PLC), alprazolam (ALP) produced a significant reduction of activity during emotional face memory in the amygdala and hippocampus in both controls and family members. Error bars indicate standard error of the mean emotion identification non-significant. However, all other behavioral and imaging results were unaffected (including amygdala effects in both tasks, and hippocampal effects during the recognition task).
Sedation
Alprazolam increased subjective sedation ("sleepy") significantly in both groups (p<0.001), with a trend towards a group×drug interaction (p=0.051) due to a trend toward larger effects in family members (post hoc Tukey-Kramer corrected p=0.081). Missed responses were used as an objective measure of in-scanner sedation; this revealed a significant drug effect (p<0.001 for both tasks) without any group or interaction effect (p's>0.5). However, fMRI models limited the effect of sedation by focusing on correct responses only, and amygdala activation from these models showed no relationship to subjective or objective measures of sedation. The main effect of reduced hippocampal activation under alprazolam during the recognition task was reduced to trend significance (p=0.080) by inclusion of subjective sedation. All other imaging and behavioral results remained significant after controlling for sedation.
Motion-related image artifact
Alprazolam reduced temporal signal-to-noise ratio (SNR) in BOLD data during both tasks (p's<0.02) without any significant group or group×drug interaction effects (all p's>0.1). SNR was strongly related to in-scanner motion (r=−0.79) but SNR was more sensitive to drug effects than motion parameters. SNR showed no significant relationship to amygdala activation in either task (p's>0.29), and its inclusion in the statistical models did not change the significance of reported amygdala results. SNR did relate significantly to hippocampal activation during recognition (p=0.047) but not identification (p=0.294). Including SNR in the statistical models did not alter the reported results of drug in the recognition task but did slightly reduce the significance of the hippocampus group×drug interaction during emotion identification to trend levels (p=0.060). Notably, the group×drug interaction in the amygdala was unaffected.
Unblinding
There was partial unblinding of subjects, with 70.3% correct guesses regarding drug condition. Subjects were significantly more likely to guess they had received alprazolam during the alprazolam condition than the placebo condition (p<0.001). This is not surprising given that subjective side effects differed by drug condition. However, unblinding did not differ between groups (p>0.4), and did not relate to reported performance or BOLD activation measures; nor did inclusion of subjects' guesses alter the significance of any reported findings. Examination of experimenter guesses yielded very similar levels of unblinding and did not relate to or alter reported results.
Unblinding was prominent on day 2 but not day 1, suggesting that comparison of subjective feelings on day 2 vs. day 1 made it easier to identify treatment condition on day 2. Notably, on day 1 subjects' accuracy was at chance levels (53.3% correct guesses). We therefore analyzed the successfully blinded day 1 data separately. Critically, despite reduced statistical power, reported findings for group×drug interaction in amygdala during identification remained significant in analysis of day 1 data alone. The group×drug effect in hippocampus during identification and the drug effect in amygdala and hippocampus during recognition remained qualitatively similar but were no longer statistically significant.
Alprazolam blood levels
Based on prior literature (Volkow et al. 1995; Streeter et al. 1998 ), we did not expect strong relationships between acute alprazolam levels and our outcome measures, but examined drug level as a potential confounding variable. Blood levels after alprazolam administration did not differ by group, test day, age, or gender (p's>0.2). Inclusion of drug levels in statistical models did not alter results reported above. For the identification task, in the alprazolam condition there was no effect of blood level nor any group×level interaction effect on behavioral efficiency or activation of amygdala or hippocampus. In the memory task, higher blood levels related to lower activation in hippocampus (p=0.049) but not amygdala (p>0.70), with a trend towards lower behavioral efficiency (p=0.066). Two control subjects had undetectable levels of alprazolam despite supervised pill administration, which could reflect assay error or differences in absorption and metabolism. Exclusion of these two subjects did not alter these confound analysis results nor the drug, group, or drug×group interaction effects reported above.
Cardiovascular effects
Alprazolam produced small but statistically significant reductions in seated systolic blood pressure (2%, p<0.020) and increases in heart rate (6%, p<0.001). There were no significant effects of group or group×drug interactions on these physiological measures (p's>0.17). There was no relationship between reported fMRI results and these physiological measures (p's>0.14), nor did inclusion of physiological measures in the statistical models affect the significance of reported results.
Discussion
We used alprazolam challenge during fMRI to examine the effects of GABAergic modulation on potential emotionprocessing abnormalities in first-degree relatives of individuals with schizophrenia. During emotion identification, alprazolam reduced amygdala activation only in family members, indicating that benzodiazepines may unmask an abnormality in amygdala function that could relate to GABAergic hypersensitivity.
Implications for benzodiazepine response as a schizophrenia endophenotype This cohort of family members did not show robust deficits in emotion processing, as assessed by both behavior and neural activation; abnormalities were only revealed by the pharmacologic challenge. Family members demonstrated differential suppression of amygdala responses by alprazolam during emotion identification, an effect not seen in controls or other face-or emotion-processing brain regions. Family members showed relatively normal behavioral performance, except for greater difficulty identifying sad expressions; this sample did not show the broad behavioral deficits observed in larger samples (Gur et al. 2007b ). In the placebo condition, amygdala activation during emotion identification was also normal in family members. While specific task features or power limitations may contribute, this result is consistent with a recent study using a similar fMRI task (Rasetti et al. 2009 ), which concluded that abnormal amygdala activation during emotion processing in schizophrenia reflects the disease state rather than a schizotypal predisposition.
Amygdala sensitivity to GABAergic modulation provides a potential schizophrenia endophenotype. To date, no studies have evaluated benzodiazepine effects on emotion processing or amygdala function in schizophrenia. However, the single fMRI study examining benzodiazepine effects in schizophrenia (Menzies et al. 2007 ) did report greater lorazepam-induced abnormalities in fronto-parietal activation during a working memory task in patients compared to controls.
The observed augmentation of alprazolam's effect on the amygdala may therefore reflect widespread abnormalities in GABAergic neurotransmission, with regional selectivity arising from specific task demands. Lewis and colleagues have identified GABAergic abnormalities in multiple cortical areas in schizophrenia and hypothesize an inhibitory deficit (Hashimoto et al. 2008 ). More limited investigation also supports GABAergic deficits in amygdala and hippocampus (Spokes et al. 1980; Simpson et al. 1989; Berretta et al. 2001) . If a milder form of this deficit is present in family members, post-synaptic compensatory mechanisms (Lewis et al. 2005 ) might produce the enhanced sensitivity to GABAergic stimulation seen here.
Our results implicate a distinctive pattern of responses to alprazolam in family members, rather than a general increase in drug response that might occur secondary to more rapid blood-brain absorption or other non-specific mechanisms. We would expect a non-specific increase in drug responses to lead to greater effects on task performance in family members, which was not observed. Furthermore, the absence of effects on global perfusion in this study (Fig. S6) makes it unlikely that our findings reflect global alterations in perfusion due to cardiovascular or other non-specific drug effects (Roy-Byrne et al. 1993; Wise and Tracey 2006) . Finally, in the memory task, the drug-induced reduction in medial temporal lobe BOLD responses was equivalent between groups and correlated with behavioral impairment. This is consistent with the interpretation that the memory task activated amygdalohippocampal circuits that were sensitive to the amnestic effects of benzodiazepines (Barbee et al. 1992 ), but without any increased sensitivity among family members.
Implications for pharmacological MRI In the emotion identification task, abnormal responses to alprazolam in family members were found in fMRI activation but not task performance, supporting claims that fMRI can enhance sensitivity beyond behavioral measures alone (Rasch et al. 2010) . In contrast, during the emotion memory task, both task performance and medial temporal lobe activation were robustly suppressed by alprazolam. These results highlight the strong dependence of pharmacological fMRI measures on the psychological tasks employed. Examination of drug effects across multiple tasks that engage distinct psychological processes and neural circuits may be useful in assessing novel agents. As seen here, such an approach allows simultaneous evaluation of the neurobehavioral mechanisms of both desirable and undesirable effects. For example, such an approach may aid in the development of more selective GABAergic medications ) that impact anxiety without producing sedation, incoordination, or amnesia. Selective serotonin reuptake inhibitors effective in treating anxiety disorders reduce amygdala activation during facial emotion processing (Harmer et al. 2006; Arce et al. 2008; Windischberger et al. 2010) , as do some other drugs with anxiolytic effects including MDMA ("ecstasy") and tetrahydrocannabinol (Phan et al. 2008; Bedi et al. 2009 ). Pharmacological fMRI comparing agents with common clinical effects but distinct molecular mechanisms could help identify critical neural targets and biomarkers of therapeutic drug response.
Limitations
The current study had several limitations. We did not include a group of patients with schizophrenia and do not know if the specific alprazolam-induced abnormality seen here in family members is present to a similar or even greater extent in patients, as would be expected for an endophenotype. Therefore, the possibility that abnormalities observed here in family members reflect a schizophrenia risk endophenotype remains speculative, requiring further investigation. Our group of family members also included a mix of both parents and siblings of affected patients, which likely increases heterogeneity related to age, education, and generational factors. While this may limit sensitivity, it is unlikely to explain observed group effects given that groups were well-matched on demographic factors. Also, our family members did not show significantly elevated levels of schizotypy, perhaps because of the self-selection of voluntary participation in a 2-day pharmacological fMRI study. In future studies, explicit inclusion of subjects with higher levels of schizotypy together with more detailed measures of negative symptoms and social function could yield stronger effects, and inclusion of a schizophrenia group could help establish whether alprazolam effects can identify useful endophenotypes. Finally, alprazolam produced effects on sedation, motion-related fMRI artifact, heart rate and blood pressure, and partial unblinding, which could all potentially impact neurobehavioral outcomes. However, careful analysis of these potential confounds strengthened the study, and the key findings in the amygdala remain robust after taking these into account.
Summary and conclusions
We report the first study examining benzodiazepine effects on emotion processing and amygdala function in unaffected first-degree relatives of patients with schizophrenia. In contrast to their normal amygdala responses under placebo, family members exhibit exaggerated drug-induced reductions in amygdala activation during emotion identification. GABAergic activation by benzodiazepines may unmask amygdala dysfunction during emotion identification that reflects an endophenotypic marker of schizophrenia. These results should encourage further use of such pharmacological fMRI paradigms in developing and testing drugs that target specific neural circuits in order to treat or prevent schizophrenia or other psychiatric disorders.
